Cannabinoid hyperemesis syndrome (CHS) is a paradoxical condition in which a long-term cannabis user suffers an episode of intractable vomiting that may last days separated by longer asymptomatic periods of weeks or months. Cannabinoids are often utilized for their antiemetic properties, so CHS can be a puzzling condition, and the diagnosis of CHS may be disputed by patients. Unlike other cyclic vomiting syndromes, CHS can be relieved by hot showers or topical capsaicin. Abstinence from cannabinoids causes CHS to resolve, sometimes in a matter of days or hours. Marijuana users as well as many clinicians are not aware of CHS, and patients may undergo unnecessary tests, scans, and other procedures to get an accurate diagnosis. Symptoms may be severe enough to require hospitalization. With liberalization of marijuana laws and favorable public opinion about the healing properties of cannabis, CHS may be more frequently observed in clinical practice.
Introduction
Cannabinoid hyperemesis syndrome (CHS) involves episodic cyclic vomiting that occurs in some cannabis users. Typical symptoms include intractable nausea and vomiting, refractory to conventional antiemetic therapy, often accompanied by abdominal pain. Other symptoms may include sweating, flushing, thirst, weight loss, and changes in body temperature. Patients may find relief by bathing in hot water. CHS resolves when cannabinoids are discontinued [1, 2] . Since marijuana is recommended as an antiemetic to chemotherapy patients, CHS seems paradoxical, but cannabinoids can have both proemetic as well as antiemetic effects.
In America, 22.2 million Americans reportedly used some form of cannabinoids in the past month [3] . Since 2009, when the US Department of Justice published a memo to the effect that it would not prosecute users or sellers of medical marijuana who complied with their local state laws [4] , marijuana use increased and with it, the rate of persistent vomiting increased 17.9% over prelegalization rates [5] . The Drug Abuse Warning Network (DAWN) states that marijuana mentions (the number of times "marijuana" is mentioned in a medical record) have increased 21% from 2009 to 2011 [3] . Since 2009, the rate of persistent vomiting has increased significantly and continues to increase at about 8% a year [5] . CHS cases have been reported from all over the world. This suggests
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History
The first description of CHS in the literature came from Allen et al. [1] in Australia in 2004, when they reported a case series of 19 chronic marijuana users who presented with cyclic vomiting. Since then, cases have been reported from France, Australia, the Netherlands, Canada, Spain, New Zealand, as well as other countries. The first case report from Germany was published in 2011 [6] ; the first case from Puerto Rico was published in 2015 [7] . While further study is needed, it appears that those who develop CHS are typically nonmedical users who often have used cannabis products regularly for a period of years [8] . Since marijuana has been widely used for centuries, the question arises as to why CHS seems to have only recently emerged as a medical issue. The authors can only speculate that it may involve recent changes in cannabis cultivation and production that have resulted in historically high tetrahydrocannabinol (THC) concentrations. The highest THC concentrations are found in buds, then leaves (about 1/10th as much by weight), and even less in stalks [9] . Advances in breeding the plants, raising them under high-intensity lights under optimally controlled conditions, and the sale of buds with stalks, stems, and leaves almost entirely removed has led to unprecedented potency in current marijuana products [10] . Furthermore, relaxed legal restrictions and a favorable public opinion about the medical and recreational properties of cannabis may have increased use. Thus, consumption of today's marijuana exposes users to much higher levels of THC than in the past. A study from the Netherlands found that THC concentrations in cannabis products sold at retail outlets from 2000 to 2015 had roughly doubled from 2000 to 2015 [11] . New products on the market are even higher in THC: cannabis extracts (used for "dabbing") have more than triple the THC content of the buds or other plant parts commonly used for smoking (68.7 vs. 20 .6%) [12] . However, it is hard to discuss cannabinoids as if they were one single substance; even among botanical marijuana offerings, there are numerous varieties and diverse methods of consumption (smoking, "vaping," edibles).
Description
CHS is an episodic syndrome with vomiting episodes that last for 24-48 h at a time separated by asymptomatic periods that may last weeks or months [13] . During episodes, patients suffer severe nausea and intractable vomiting often accompanied by abdominal pain for which conventional antiemetic therapy (such as ondansetron, promethazine, and metoclopramide) offers no relief [14] . Protracted periods of vomiting (as often as 20 times a day) leaves some patients dehydrated, disoriented, and in electrolyte imbalance. Over time, unintentional weight loss may be reported. Few CHS patients associate their cannabinoid consumption with CHS symptoms. It appears that chronic marijuana use results in CHS only in certain susceptible patients, but it is not clear how to identify these patients in advance or stratify them for risk. It has been speculated that CHS occurs only in a subset of the patients who are susceptible to cyclic vomiting syndrome (CVS) and will not occur in those who do not already have a tendency to develop CVS [15] .
Pathogenesis
Preclinical studies show that there are at least two Gprotein-coupled cannabinoid receptors, CB1 and CB2, whose activities have not been entirely elucidated. CB1 is expressed in the central nervous system (CNS) neurons, while CB2 is localized mainly in the lymphoid tissues of the periphery [16] . The body produces endogenous ligands for these CB receptors, of which two have been identified: N-arachidonoylethanolamide (also known as anandamide) and 2-arachidonoylglycerol (2-AG), which are found in the brain and the gut [16] . After cellular reuptake, anandamide is metabolized by the fatty acid amide hydro-lase (FAAH) enzyme, while 2-AG is metabolized by a combination of monoacylglycerol lipase, other hydrolase enzymes, and FAAH. 2-AG is proemetic [17] . Anandamide has the greater affinity for the CB receptors, while 2-AG has the greater efficacy. (In this connection "affinity" may be defined as the ability of a substance to bind reversibly to its receptor, while "efficacy" means that it forces the greater number of available receptors to their active conformational state [16] .) When activated, both CB1 and CB2 as G-protein-coupled cannabinoid receptors inhibit adenylyl cyclase [18] . CB1 receptors, located mainly in the brain, appear to decrease the release of serotonin when activated [19, 20] . The transient receptor potential vanilloid 1 (TRPV1) receptor, located in the periphery along with certain areas of the CNS, may also play a role in CHS [21] . TRPV1 is a nonselective cation channel with calcium preference; it opens to ligand binding or stimulation. There is a high density of TRPV1 receptors in the area postrema known as the "trigger zone" for emesis [22] . Endocannabinoids (anandamide) along with exogenous cannabinoids (cannabidiol [CBD] , cannabidivarin) are TRPV1 agonists [23, 24] . To complicate the picture, TRPV1 agonism appears to be proemetic when ligand concentration is low, but antiemetic when ligand concentration is high [23, 24] . Extreme stimulation can desensitize TRPV1 and be proemetic [25] . TRPV1 desensitization may occur because signaling by substance P and CGRP has been disrupted, resulting in a lower density of substance P receptors in the brain regions associated with vomiting [25, 26] . Opening the TRPV1 channels may impair substance P signaling in the vomiting center of the brain by overstimulating TRPV1, which then results in antiemetic effects. Thus, desensitized TRPV1 receptors may promote emesis while opening TRPV1 channels may be antiemetic.
Endogenous cannabinoids or endocannabinoids may also play a role in CHS. Endocannabinoids are arachidonic acid derivatives that are biochemically similar to anandamide and 2-AG and likewise bind to CB1 and CB2 [27, 28] . Endocannabinoids may be neuromodulators or neurotransmitters [29] . Once they are activated, anandamide and 2-AG have different pathways for biosynthesis and subsequent degradation, in that anandamide is metabolized mainly by FAAH while 2-AG is metabolized via monoacylglycerol lipase [30] . Endocannabinoids are present in the CNS and enteric nervous systems and are released locally on demand by neuronal signaling; they are released in small amounts and become rapidly inactivated [28] . Unlike other neurotransmitters like serotonin or dopamine, endocannabinoids are not stored in the vesicles but are rather synthesized "on demand" in postsynaptic neurons via retrograde signaling, allowing them to diffuse back to the presynaptic nerve terminals where they can stimulate the CB1 receptors and, in that way, inhibit the release of other neurotransmitters [16] .
Botanical marijuana contains well over 400 different chemicals, of which 60 might be labeled cannabinoids [16] . The primary active compound in exogenous cannabinoids is THC which is metabolized in the liver by oxidative and hydroxylation reactions via the CYP2C isoenzyme subfamily [31] . In simplistic terms, THC acts as a CB1 and CB2 receptor agonist with broad-spectrum antiemetic properties [16] . Because of variations in marijuana products, an accurate value for the half-life of THC has been difficult to determine but has been estimated at 20-30 h [32] . THC is excreted through the feces (60% to 85%) and urine (20% to 35%) as acid metabolites [32, 33] . However, THC is highly lipophilic and accumulates in adipose tissue [32, 34] . These stored THC reserves have been associated with a "reintoxication" effect that can occur during periods of stress or prolonged fasting, when increased lipolysis releases these reserves stored in the fat [35] . Individuals who have used cannabis products regularly over a long period of time would be expected to have large lipid reserves of THC which might be released during periods of stress. THC may act as an antiemetic in the CNS because of reduced substance P signaling, which occurs during active consumption of marijuana. However, with accumulation of THC in the body fat over time, THC reserves may eventually achieve sufficiently high concentrations in the CNS to stimulate TRPV1 channels to their emetic threshold. This would explain why cannabinoid abstinence resolves symptoms [36] . It must also be noted that THC binds to CB1 receptors in the gastrointestinal (GI) tract, causing gastroparesis, which in and of itself can cause nausea and vomiting. The effect of THC on the CB1 receptors warrants greater study. It has been suggested that THC might over time downregulate the CB1 receptors, reducing their functionality in such a way that the normal agonistic activity of THC at CB1 reverses and becomes antagonistic and this results in emesis [7] . It is unclear if and to what extent prolonged THC exposure may sensitize CB1 receptors.
Other cannabinoids have been implicated in the pathogenesis of CHS, such as CBD and cannabigerol (CBG). It has been observed that CBD is antiemetic at low doses but proemetic at high doses [37] . Furthermore, CBG may be able to reverse the antiemetic properties of CBD [38] . This would mean that the proemetic effects observed in CHS involve an interplay of processes, possibly including high levels of CBD reversed by CBG [39] .
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It is not known if certain varieties of botanical marijuana are more likely to produce CHS than others. Furthermore, the role of cytochrome (CYP) P450 metabolism and genetic polymorphisms might play a role in terms of why certain individuals are susceptible to CHS. Genetic polymorphisms of the cytochrome P (CYP) 450 enzyme system, such as CYP2CP, CYP2C19, or CYP3A4 could cause an individual to accumulate excessive amounts of cannabinoid metabolite(s) which might promote vomiting. This is a complex area that warrants further study. For example, THC has two main metabolites (11-hydroxy-delta9-tetrahydrocannabinol or 11-OH-THC and 11-nor-9-carboxy-THC-delta9-tetrahydrocannabinol or THC-COOH) but it also has over 100 minor metabolites [40] . The 11-OH-THC metabolite is psychoactive and is equipotent to THC in terms of psychoactive effects; THC-COOH is not psychotropic and has antiinflammatory and analgesic properties [41, 42] . As mentioned earlier, CBD and CBG affect emesis. CBD is not psychotropic, has little affinity for the CB1/CB2 receptors, and appears to be a partial agnostic at the serotonin receptors [43] . CBD enhances the expression of the CB1 receptors in the hypothalamus, plus it amplifies the hypothermic effects of THC [44] . In preclinical studies, toxininduced vomiting treated with CBD showed a biphasic response, that is, low doses of CBD had an antiemetic effect while higher doses had a proemetic effect [37, 45] . CBG is not psychotropic and acts as an antagonist at both CB1 and serotonin receptors [46] . This antagonism might theoretically reverse the antiemetic effects of low doses of CBD at the serotonin receptor [38] . Thus, it is possible that the severe nausea and intractable vomiting of CHS might be due to the combined proemetic effects of highdose CBD coupled with CBG's antagonism at the serotonin receptors [13] .
Gastric motility and gastroparesis must be discussed in the context of CHS. The enteric nervous system contains CB1 receptors, which, when activated, can inhibit GI motility by inhibiting the release of those transmitters that cause stomach contractions [47] . This effect causes delayed gastric emptying and continues to inhibit transit through the small intestine. The effects are similar to gastroparesis and, thus, CHS may be caused by a functional gastroparesis. The GI effects of cannabinoids are mediated mainly via the CB1 receptor, which can inhibit gastric acid secretion, lower esophageal sphincter relaxation, and alter intestinal motility, cause visceral pain, and produce inflammation [27, 48] . Activating CB1 receptors reduces gastric motility, resulting in delayed gastric emptying in murine [49, 50] and human studies [51, 52] . The delay in gastric emptying seems as if it would be promote emesis [53] , yet this delay often occurs with the antiemetic benefits of THC, possibly because those antiemetic effects override the effects of delayed intestinal motility [13] . This applies not just to botanical marijuana; dronabinol (delta-9-tetrahydrocannabinol) slows gastric emptying and decreases colonic tone as well [54] .
Chronic or excessive use of cannabinoids may also stimulate the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system in addition to disrupting the endocannabinoid system. The endocannabinoid system plays a role in allostasis of the autonomic nervous system following episodes of stress [55] . The HPA axis is the main neuroendocrine system activated by the body when confronting stress [56] . In a healthy individual, the stress response results in the release of corticotrophin-releasing hormone from the hypothalamus into the capillaries and going to the pituitary gland. This causes the pituitary gland to release adrenocorticotropic hormone into the blood stream, which activates the adrenal cortex and leads to the production of corticosteroids [57] . The HPA axis and the sympathetic nervous system must balance their activities in response to stressors. While stress response is vital to survival, prolonged stress increases the allostatic load and can have adverse effects on health [58, 59] . Interestingly, endocannabinoids play a role in allostasis, that is, they promote the recovery from stress and help to reestablish homeostasis of neurotransmitters, neurohormones, and neuropeptides [60] . This may explain the role of marijuana as a stress reliever.
Based on case reports in the literature, a delay usually occurs between the onset of regular marijuana use and the development of CHS; one case series found the average duration of regular marijuana use before CHS developed was 16.3 ± 3.4 years [61] . In the CHS population, prior daily marijuana use is typical, and some patients report heavy use (multiple times per day, every day). Thus, it has been assumed that CHS only occurs after prolonged exposure to cannabinoids, but one case study (n = 1) shows that a single acute intravenous (IV) injection of a crude marijuana extract resulted in emesis [62] . Moreover, acute oral administration of dronabinol can result in abdominal pain, diarrhea, cramps, nausea, and vomiting in 3-30% of subjects [63] [64] [65] [66] , but it is not clear if this is true CHS. Acute THC administration may produce a mild form of emesis in some patients, but it appears that chronic THC exposure is required for episodic hyperemesis.
Finally, there have been anecdotal reports that changing the variety or strain of botanical marijuana can mitigate or even alleviate CHS. It has been suggested that CHS may -in whole or in part -be the result of pesticides, toxins, or other substances accumulated on the plants during growth and harvest [67] . Chemical residues on the plant can transfer to mainstream smoke with up to 60 or 70% inhaled via unfiltered glass pipes [68] . Cannabis concentrates, made from leftover leaves and other waste products from the plant, are sold to "dab" onto cannabis for smoking; these dabbed-on cannabis extracts may contain 10 times the pesticides of the buds [67, 69, 70] . While pesticides are an unlikely explanation for CHS, they may be a contributing factor to symptoms.
Incidence and Prevalence
While clinicians and most regular marijuana users regard CHS as a rare condition -if they have heard of it at all -the literature suggests otherwise. Many cases of CHS are likely misdiagnosed or not medically treated at all. In a study in Spain, a questionnaire was sent out to all patients over 18 years of age who attended a single outpatient marijuana rehabilitation center in 2014; of the 22 respondents, 18.2% reported symptoms suggestive of CHS [71] . However, reliable data on the incidence and prevalence of CHS are not known. A survey was conducted in a convenience sample of 155 patients between the ages of 18 and 49 years who admitted to smoking marijuana at least 20 times per month; the survey was distributed to qualifying patients who presented at an economically and ethnically diverse urban public hospital. Of this patient population, 32.9% (95% confidence interval, range 24.5-40.3%) were considered to have met criteria for CHS (chronic cannabis use, episodes of sometimes severe nausea and vomiting, symptomatic relief from hot showers) [72] . If these results are applied to the general population of regular marijuana users in the US, it is possible that 2.75 million Americans (range 2.13-3.38 million) suffer from CHS [72] . It is likely many are not even aware that their symptoms relate to their cannabinoid use.
A 2-year multicenter epidemiology study in Canada reviewed medical records to find patients aged 18-55 who presented within a 2-year period at a hospital with a complaint of vomiting, cyclic vomiting, or with a discharge diagnosis of vomiting. Investigators identified 494 cases, 64% females, mean age 31 (±11) years, of whom 19.4% had notations in their charts that they used marijuana, and in this population, 10.4% reported using marijuana > 3 times per week. Of this patient population of frequent marijuana users, 43% had multiple visits to the ED for the same symptoms (nausea and vomiting) [73] . Many of these patients were treated with rehydration (92%), antiemetics (89%), opioids (27%), underwent some type of imaging procedure (19%), were referred to gastroenterology for further examination (8%), or were admitted to the hospital (8%) [73] . This suggests that CHS is often overlooked as a possible diagnosis and draws attention to the fact that many CHS patients undergo many unnecessary tests, imaging procedures, and even interventions prior to getting an accurate diagnosis.
With [74] .
Diagnosis
The diagnostic criteria for CHS were first presented by Simonetto et al. [75] in 2012 as part of a large case series (n = 98) at a single tertiary care center. The essential prerequisite for a CHS diagnosis is long-term use of cannabinoids (synthetic, botanical, edibles, prescription "medical marijuana"). Major features for the diagnosis are severe and cyclic episodes of nausea and vomiting that are relieved with hot showers or baths and resolve with cannabis discontinuation. Abdominal pain is another major feature. Supportive criteria for the diagnosis include young age (< 50 years), an unintentional weight loss of > 5 kg, a tendency to experience symptoms in the morning, normal bowel habits, and negative results from laboratory, radiographic, and endoscopic tests [75] . Hot showers, in particular, are an important diagnostic criterion because they provide relief from no other CVS. While most CHS patients report heavy marijuana use on a daily basis, the literature confirms CHS may also occur with less frequent (even once-weekly) use.
Since there are no laboratory or radiographic examinations that can be used to diagnose CHS, CHS should be diagnosed based on symptoms and patient behaviors. See Figure 1 for the triad of key features of CHS. In some cases, CHS is a diagnosis of exclusion after other hyperemetic conditions (such as hyperemesis gravidarum, psychogenic vomiting [PV], or CVS) are ruled out.
There are some diagnostic challenges when treating patients with putative CHS. Despite liberalized marijuana laws and reduced social stigma, many patients are not forthcoming about their marijuana use. In fact, obtaining an accurate patient history in this regard may be the single largest stumbling block to CHS diagnosis [8] . In addition to wanting to conceal their marijuana use, patients may DOI: 10.1159/000494992 not associate their symptoms with marijuana consumption and may believe quite firmly that marijuana is "harmless" and, if anything, antiemetic. Urinalysis for cannabinoids is a useful and relatively straightforward test to help with the diagnosis, and few substances other than THC metabolites cause a positive result. The literature reports on one case study where a false-positive in a urine assay was obtained in a pediatric patient treated with pantoprazole [76] . Other potential causes of false-positive results on urine tests for THC include foods that contain hemp, second-hand marijuana smoke, certain NSAIDs, and efavirenz (antiretroviral medication) [77] [78] [79] .
Most CHS patients have a long history of regular marijuana consumption; the authors know of no cases in which a person first trying marijuana develops CHS. In a systematic review of CHS patients, 179 patients, 25.1% reported that they used cannabis for ≤1 year, 36.3% for 2-5 years, 16.8% for 6-10 years, and 21.8% for ≥11 years. In this same study, frequency of cannabis use (n = 211) was reported as: 23.7% used more than once a day, 47.9% used daily, 19.4% used weekly, 2.4% used less than once a week, and 6.6% did not specify [80] . Just as patients may not disclose their marijuana use, others may admit to "occasional" marijuana use, but downplay its duration or frequency.
CHS is a recurrent disorder characterized by episodes and symptom-free intervals. Vomiting episodes may last for a few hours (< 12 h) to 7 days [15] . The vomiting phase typically lasts 1-2 days [1] . Between hyperemetic episodes, patients are usually symptom free. Since numerous conditions may cause vomiting, diagnosis is inherently challenging. The fact that CHS is not well known among clinicians can further delay diagnosis, particularly in light of other better-known vomiting syndromes.
Differentiating Cyclic Vomiting, PV, and CHS
CVS may have known physical causes or be of unknown etiology. PV has been associated with bulimia, anorexia nervosa, and other eating disorders; diagnosis is complicated in that many PV patients use illicit substances, including marijuana, to manage or cope with their symptoms [81] . CVS is a distinct clinical entity, of which hyperemesis gravidarum, associated by metabolic disruptions during pregnancy, is a well-known example. Hyperemesis gravidarum differs from typical morning sickness in that it is more severe and frequently requires medical intervention to rehydrate the mother. CVS was originally thought to be predominantly a pediatric illness [82] and, in children, CVS may be associated with autonomic dysfunction. Abnormal levels of adrenocorticotropic and antidiuretic hormones have been hypothesized [83, 84] . However, pediatric CVS may also be idiopathic. An association between CVS and migraine headaches has also been explored [85, 86] . In fact, a familial or patient history of migraine supports a CVS diagnosis [87] . Diagnostic criteria have changed to differentiate CVS from CHS, as they are today recognized to be distinct and different clinical syndromes with different etiologies [88] . In addition to migraine headaches, CVS has been associated with psychiatric disorders, gastroesophageal reflux, irritable bowel syndrome, gallbladder disorders, and insulin-dependent diabetes type II, while CHS is associated with chronic marijuana use. Of course, a CHS patient may also be a migraine patient and a CVS patient may smoke marijuana.
CVS of all types (CHS, CVS, PV) exhibit five phases: (1) the patient is free of symptoms between episodes -the periods between episodes may last hours or months; (2) a trigger occurs which may cause the patient to transition to the prodromal phase; (3) in the prodromal phase the patient becomes nauseous and is aware of an oncoming episode -this phase may last minutes or hours; (4) the patient experiences repeated episodes of intractable vomiting, which can go on for hours or even days; and (5) the recovery phase when vomiting stops and the patient is able to resume oral intake [15, 89] . In CHS patients (compared to other cyclic vomiting patients), the prodromal phase can be extremely long -even lasting for years before the patient experiences hyperemesis and months between episodes. The vomiting phase often resolves in 48 h but can last for days [2] . Other signs and symptoms of CHS include anorexia, retching, increased salivation, stomach pain, cramps, headache, listlessness, pallor, photophobia, phonophobia, and malaise [16] . CHS is predicated on a long history of regular marijuana use, but this may not suffice to distinguish it from CVS, in that 53% of CVS patients in one study reported having used marijuana [90] and many patients are reticent to discuss their substance use at all.
Since vomiting is a symptom of many conditions, CHS patients often undergo computed tomography scans, magnetic resonance imaging, gastric emptying tests, endoscopy, colonoscopy, even exploratory procedures before a CHS diagnosis is made [91] . It is not unusual for CHS patients to present frequently at the ED and to be hospitalized multiple times per year. This suggests that prompt, accurate diagnosis of CHS may save the healthcare system considerable resources and spare the patient unnecessary testing and procedures.
Patients with CVS may be prescribed a proton pump inhibitor (PPI) to help manage their GI symptoms, but the use of a PPI can result in a false-positive for cannabinoid on a urine test. The PPI pantoprazole provides this information on its labeling, but it is not widely appreciated among clinicians since there are no known published case studies of this in the literature [76] . In a case study of a 13-year-old girl who was treated with pantoprazole for CVS, a urine test was positive for cannabinoids but a subsequent gas chromatography-mass spectrometry test returned negative [76] . The patient had CVS, not CHS, despite a false-positive for marijuana.
CVS patients sometimes use marijuana to help manage their emetic symptoms. In a survey of 514 respondents (437 completed questionnaires) of clinically diagnosed CVS patients, 19% said they had never used marijuana versus 81% who had used it in the past or who are currently using it [92] . Many of these patients underwent extensive testing, including 20% who had a cholecystectomy for symptoms that were later attributed to CVS. On univariate analysis, those patients who used marijuana were significantly more likely to take hot showers to relieve their symptoms (p < 0.0001), which suggests that some cases of CVS may actually be CHS, but of those who used marijuana, only 18% said it controlled their vomiting [92] .
Immersing oneself in very hot water relieves vomiting symptoms in CHS patients but has no antiemetic effect on patients with other types of CVS or PV. Thus, learned behavior of bathing in hot water may be used to help diagnose CHS and differentiate it from other CVS [93] . Over 90% of CHS patients exhibit this behavior [75] , which is sometimes described as compulsive. A case study of a 47-year-old man admitted to a hospital in New York for intractable vomiting found he was difficult to treat because he remained in a hot shower all day even in the hospital, taking only two 15-min breaks over the course of a day. The patient found that hot water relieved his symptoms better than anything else. After 3 days in the hospital (and no marijuana use), his symptoms resolved [94] . It should be noted that in the case of CHS, compulsive showering in hot water is not an anxiety disorder but rather a learned behavior that the patient develops to relieve symptoms [94] . Similar to hot water, capsaicin provides symptomatic relief of CHS [95] [96] [97] but not other vomiting disorders. Topical capsaicin has been advocated for use as a diagnostic tool for CHS to differentiate it from other vomiting syndromes [36] .
A diagnosis of CHS is confirmed when all symptoms resolve for a long period of time (∼12 months) with the cessation of marijuana [15] . Patients who stop using marijuana but continue to experience cyclic vomiting are more likely to have CVS. It is typical that CHS symptoms resolve in a matter of days once marijuana is stopped; in some case reports, symptoms resolved in hours. Some important questions for patients to better and more rapidly diagnose CHS are shown in Table 1 .
Clinicians may find that discussing marijuana use is a very sensitive topic for some patients. Reticent patients might be told that cannabis may be associated with their condition and that this information will be kept confidential between patient and provider. When discussing marijuana with the patient, the clinician should try to determine when the patient first used marijuana, how frequently it is used, the quantities, and how it is used (smoked, in edibles, "vaped" and so on). The clinician should ascertain whether the cannabinoids are botanical, synthetic, or both, although CHS can occur with cannabinoids in any form. Clinicians also should ask about "dabbing" or whether the marijuana is treated with potent THC extracts and the use of concentrates such as hash oil, "honey oil," wax, "budder," and "shatter," all of which have high THC concentrations. Then, the clinician should try to establish a timeline as to when cannabinoid use first began and when the patient first noticed symptoms of hyperemesis. If the time lag between onset of can-DOI: 10.1159/000494992 nabinoid use and symptoms is > 1 year, this supports a diagnosis of CHS [98] . The clinician should also ask if the patient had discontinued marijuana use for any appreciable time period; if the patient was asymptomatic during such periods of abstinence, this further supports CHS as the diagnosis [98] .
Treatment
Unlike CVS and PV, CHS is not usually relieved by antiemetic pharmacological therapy, but many patients exhibit the learned behavior of taking hot showers and baths for temporary symptomatic relief. In some cases, IV haloperidol or lorazepam (for anxiety) may provide relief for the CHS patient [14, 89] . In the literature, there is one case report of "atypical CHS" in which the patient found relief from cold showers or other ways to chill himself (use of a fan, lying on cold marble floor) but this case must be viewed as an outlier [99] . Treatment guidelines published by the San Diego Emergency Medicine Oversight Commission recommend supportive care (rehydration), patient education, and counsel to stop the use of cannabinoids [100] . Topical capsaicin can be used to provide symptomatic relief but symptoms typically resolve in a day or two without cannabinoid use regardless of treatment. Benzodiazepines and opioids, although sometimes prescribed, have very limited effectiveness for this condition [100] .
Supportive Care
In the acute setting, volume resuscitation is urgently required for many CHS patients who may arrive dehydrated and hypovolemic. Electrolyte replacement is appropriate to correct any electrolyte imbalances that may have occurred with prolonged vomiting. While patients benefit from rehydration and other forms of supportive care, the only effective treatment for CHS is marijuana cessation. Conventional antiemetics are not contraindicated but are generally ineffective likely because of the atypical mechanisms behind CHS. Hot Showers For CHS patients, nausea and vomiting may be relieved in a matter of minutes upon immersion in hot water [1] . Compulsive bathing in hot water is pathognomonic for CHS for reasons that remain to be elucidated. Three older hypotheses appear in the literature. The first is that cannabinoids contain psychoactive components which are hypothermic, and chronic users seek warmth to better regulate their core body temperature. Second, the body's CB1 receptors are located in proximity to the body's thermoregulation system in the hypothalamus, and warm water helps regulate body temperature [19, 101] . Third, it may be that warm water helps direct blood flow to the periphery and skin, away from the gut [102] . The recent research implicating TRPV1 ion channels in CHS offers a new hypothesis in that the TRPV1 ion channels open at very warm temperatures (> 43 ° C) [103] or specific binding with capsaicin [96, 104] . Opening the TRPV1 ion channel may produce antiemetic benefits. Thus, as long as a CHS patient can expose enteric TRPV1 channels to heat, these channels will help fight emesis.
Most CHS patients discover the symptomatic relief of hot showers on their own and use this method to control symptoms [1] . In a case study from Texas, a 27-year-old male patient with CHS reported he found relief in hot showers but over time, he became refractory to the hot water and ended up having to visit the ED [105] .
Topical Capsaicin
In a retrospective chart review of 13 patients treated for CHS at one of two centers, 100% of patients experienced relief when topical capsaicin was administered to help control symptoms of vomiting [96] . A thin layer of topical capsaicin cream was applied to the abdominal region, chest, or back. All patients reported relief with the first application. Only one CHS patient returned to the ED within 3 days after receiving topical capsaicin; capsaicin was administered again, and the patient reported rapid relief and was discharged without further treatment [96] . In a study of the treatment of neuropathic pain with topical capsaicin, the most common adverse effect was a burning sensation upon application, localized erythema, and nonproductive cough [106] . It is likely that topical capsaicin used for CHS treatment would have similar adverse effects.
In a case series treating 2 CHS patients (one 17-yearold female, one 20-year-old male), both patients were regular marijuana users who reported to the ED with abdominal pain, nausea, and intractable vomiting; both were treated with antiemetic therapy and discharged, only to return within the week with the same symptoms. On the second visit, CHS was diagnosed and the patients were treated with capsaicin cream 0.025% applied in a layer approximately 1 mm thick on the abdomen. In both cases, topical capsaicin provided symptomatic relief in about 30 min. Both patients reported a burning sensation where the capsaicin was applied but were satisfied with the results [97] .
The mechanism of action of topical capsaicin likely involves TRPV1 receptors. When they are activated by capsaicin (or heat), they modulate tachykinins, somatostatin, pituitary adenylate-cyclase (which, in turn, activates the polypeptide system), and calcitonin gene-related peptides and affect the systems involved in histamine, choline, and serotonin transmission [107] . In other words, topical capsaicin opens the TRPV1 channels, which has an antiemetic effect.
Capsaicin is inexpensive, readily available over the counter, and associated with few adverse events. It is available in 0.025, 0.075, and 0.1% concentrations as a topical cream (not all concentrations are available in all locations), and there is also an 8% topical capsaicin patch [107] . Topical capsaicin is absorbed into the epidermal and dermal layers for a prolonged period, even 24 h after it has been removed from the skin [108] . It is metabolized by the CYPP450 enzyme system [109] and has a half-life of 1.64 h [110] .
Haloperidol
Haloperidol is a familiar but unconventional antiemetic that may benefit CHS patients, likely because it blocks the brain's postsynaptic dopamine receptors [111, 112] . When dopamine receptors are blocked, the blockade reduces the effect of dopamine on the dopamine-2 receptors in the vomiting center [96] . Haloperidol may further relieve nausea and vomiting by indirect activity at the CB1 receptors [111, 113] . In a case study of a 27-yearold man who suffered repeated episodes of gastric pain, up to 20 vomiting episodes per day, coupled with severe nausea, multiple diagnostic tests were performed before a CHS diagnosis could be made. During his last hospitalization he was given conventional antiemetic therapy but his symptoms persisted for 2 more days. He consented to IV haloperidol 1 mg which relieved his symptoms and produced no adverse effects; he subsequently received two more IV doses of 2 mg before he was discharged [114] . An 18-year-old patient diagnosed with CHS refused to stop using marijuana and was treated in-clinic with haloperidol followed by outpatient 5 mg haloperidol which relieved her symptoms of nausea and vomiting. No DOI: 10.1159/000494992 adverse effects were reported. The patient discontinued haloperidol on her own after 3 weeks and was subsequently lost to follow-up [113] .
An important clinical concern is that haloperidol is associated with potentially serious adverse events which may occur with the first dose, such as extrapyramidal reactions, e.g. dystonia, and neuroleptic malignant syndrome. Since most CHS patients are young and otherwise healthy, haloperidol may not pose excessive risk. It has a long history of use as an antiemetic in oncology and general surgery. In a case series of 4 CHS patients in emergency care, IV haloperidol 5 mg resolved vomiting in 1 or 2 h (3 patients resolved in 1 h, 1 patient in 2 h, all patients received one dose), while other conventional treatments such as ondansetron were ineffective [115] . Thus, in this case series, all patients achieved significant symptomatic relief from hyperemesis within 1 or 2 h with IV haloperidol, could be discharged within 8 h of treatment, did not require hospitalization, and reported symptomatic relief that did not require a second dose [115] .
Lorazepam
In some cases, lorazepam may be helpful to counteract the anxiety suffered by the patient, but lorazepam as treatment for CHS is generally not effective [116] .
Beta-Blockers
A recent, published in 2016, case report describes the first use in the literature of propranolol to treat CHS [117] . A 37-year-old man in profound distress suffering hyperemesis presents at the ED, stating he had similar experiences in the past which could be relieved with hot showers, but this time hot water provided no relief. The patient admitted he had smoked marijuana on a daily basis for the past 20 years. In the ED, the physician treated him with IV propranolol 1 mg as this had been effective in cases of CVS. The patient continued to experience symptoms and received a second dose of IV propranolol 1 mg an hour later, whereupon his symptoms stopped completely. The patient could be discharged 4 h later and was counseled to stop smoking marijuana [118] . Propranolol is a nonspecific, lipophilic beta-1/beta-2-blocker that has been used to treat CVS, particularly in pediatric patients [119] . Its use in CHS has to date been very limited.
Patient Education
Patient education is an important part of treatment, as many CHS patients remain unconvinced that marijuana causes hyperemesis because in popular culture (and even among healthcare professionals) its antiemetic properties are much better known than CHS. Moreover, there is a general popular belief that marijuana is "natural" and would not be associated with severe adverse effects. Patients may be resistant to the notion that their symptoms are related to cannabis use. CHS is not well known, even among medical professionals, which exacerbates the disbelief some patients experience upon learning that marijuana may have side effects.
Marijuana Cessation
Hospital admission in and of itself can serve to resolve CHS in that patients abstain from marijuana during the time they are inpatients. Since marijuana resumption will cause CHS to return, patient education is important in order to prevent recurrence. If patients suffer repeatedly from CHS despite their being informed of the connection between marijuana and CHS, it may be appropriate to refer these patients to addiction specialists, substance use counselors, or other rehabilitation programs. Marijuana cessation relieves CHS, sometimes in a matter of hours or a couple of days. In a case study of a 26-year-old woman who suffered from CHS for years and had been using marijuana nonmedically for 11 years, symptoms resolved in the relatively long period of 3 weeks of cannabis abstinence [117] .
Acute treatment of CHS is supportive care and patient education; the only effective long-term approach to CHS is marijuana cessation. In fact, the authors know of no reports in the literature of a CHS patient who continued to experience symptoms after marijuana was discontinued. However, not all patients are adherent to a cessation plan. In a retrospective case series from the UK, 10 CHS patients were followed for a median of 9.5 months (range 1-20 months) following counseling to stop using marijuana to avoid symptoms. Seven of the patients abstained from marijuana during this time and had no further episodes; 3 patients resumed their use of marijuana and had further episodes [120] .
Special Populations
Pregnant Women CHS may be confused with hyperemesis gravidarum, so an accurate diagnosis is important to avoid costly and time-consuming diagnostic steps and to avoid prolonging the patient's suffering as these two conditions respond to different treatments [121] . Pregnant women may not be forthcoming about their marijuana use, which can complicate diagnosis [121] . Maternal cannabinoid use alone does not necessarily mean that hyperemesis is CHS. While the use of marijuana during pregnancy has not been thoroughly studied, it is associated with risk, although many pregnant women persist in marijuana use [122] . In a retrospective study from Hawaii, 4,735 respondents were asked to report their marijuana use during pregnancy, in the month before pregnancy, and nausea during pregnancy [123] . Data were then weighted to represent all pregnancies that resulted in live births in Hawaii from 2009 to 2011. Of these women, 6 .0% reported that they had used marijuana in the month before pregnancy, and 2.6% said that they used marijuana during their pregnancy. Severe nausea was reported by 21.2% of respondents, and those reporting severe nausea were more likely to have used marijuana during pregnancy (3.7 vs. 2.3%) and more likely to have used marijuana before pregnancy (7.0 vs. 5.5%). However, no statistically significant association between marijuana use before or during pregnancy and nausea could be achieved (p = 0.134) [123] .
The risks associated with prenatal exposure to THC remain to be elucidated, but in light of today's high-potency cannabinoids, there is justifiable concern. The role of marijuana as an antiemetic may encourage some women to use it during pregnancy, but such use is not clinically reasonable because the risks to human neurodevelopment remain unknown. In those states in the US that allow for medical marijuana, none make specific recommendations or warnings related to pregnancy and none describe any potential risks to a fetus [122] . The American College of Obstetricians and Gynecologists have issued an opinion statement in 2015 and revised in 2017 that discourages physicians from recommending marijuana use during pregnancy, lactation, or in the preconception period [124] .
Pediatric Patients
Since CHS is thought to occur only with long-term marijuana use, a CHS diagnosis is often ruled out for adolescents and children. However, case studies demonstrate that adolescents are susceptible to CHS. The youngest age for a CHS case in the literature found by the authors is 15 years [125] . In a report on a 16-year-old CHS patient, she reported that she used marijuana herself but had been exposed prior to that to secondhand smoke for many years, as her family used marijuana [125] .
Dual Diagnosis
The serum levels of psychiatric drugs may be reduced in patients suffering from CHS or other vomiting syndrome. A vicious cycle can occur in which CHS patients taking psychiatric medications suffer nausea and vomiting, increase their use of marijuana to manage those symptoms, and exacerbate their mental health condition. For patients on psychiatric pharmacological regimens, CHS can have a destabilizing effect on the patient [126] . Furthermore, the distressing and relentless symptoms of CHS can worsen the patient's mental health as well. A description of a patient with CHS in Australia revealed that her CHS symptoms exacerbated her anxiety disorder, and she presented to the ED with anxiety plus vomiting [127] .
Clinical Considerations
Marijuana is widely thought to be a powerful antiemetic. Oncology patients may be advised to use cannabinoids to relieve chemotherapy-induced nausea and vomiting, only to develop CHS over time. The belief in marijuana as a therapeutic and benign agent is so pervasive among some patients and certain healthcare personnel that they will persist in using cannabinoids, even if they are educated about the role of marijuana as a potential proemetic [1, 13] . In some case reports in the literature, a few patients rejected the notion that marijuana might in some way be the cause of their symptoms and refused to give it up even to see if it might relieve their symptoms [1] . The literature reports on global clinical experience with CHS to date in the form of case studies, case reports, and case series. Large retrospective or prospective studies are few. While case reports are not the strongest form of evidence, the range of case reports in the literature over the past years presents a coherent picture of the condition, its diagnosis, and treatment.
Case Series and Case Studies
The first description of CHS as a distinct clinical disorder occurred in a case series published in 2004 by Allen et al. [1] from Australia. A total of 19 patients were identified for the case series, of whom 10 were excluded (failure to consent, etc.), and one patient with PV was added. Compulsive hot bathing was observed in 9/10 patients. Seven patients stopped marijuana used and all symptoms resolved; 3 continued to use marijuana and continued to suffer CHS [1] . The largest case series presented to date (n = 98) comes from Simonetto et al. In this population, no individual was over 50 years of age, and for the individuals for whom data were available, 68% reported that they had used cannabinoids for at least 2 years prior to development of symptoms, and 95% of those who reported frequency of use said they used cannabis at least once a week. Abdominal pain occurred in 86%, and 91% of pa-DOI: 10.1159/000494992 tients said that hot showers relieved their symptoms. Only 10/98 patients were followed long term, and of those, 70% discontinued their use of cannabis with 6/7 of this group reporting complete resolution of symptoms [75] .
A case series from France reported on 19 cases of CHS from 2012 to 2016, with the majority of patients male, with a mean age of 29.8 years (range 20-48 years), and all regular cannabis users with an average daily consumption of 10 cigarettes per day (range [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The onset of symptoms was reported in 13 of those cases at a median of 9 years (range 3-25 years). In the limited subset of cases where data were available, it appeared that it took a mean of 2.6 years (range 1 day to 9 years) to get a CHS diagnosis. All patients reported intractable vomiting for 24-48 h, and all patients suffered abdominal pain; many experienced weight loss as well. Hot showers for symptomatic relief were reported by 17/19 patients [128] . Marijuana cessation was recommended to all patients, but there was no long-term follow-up.
A case series from Spain from 2012 to 2016 involved 6 patients (5 men) with an average age of 28.3 years who, on average, began to use marijuana at age 16. In this series, the mean amount of cannabis smoked per day was 7.5 cigarettes (range 1-12) for at least 1 year prior to the first episode of vomiting. The average length of time between the onset of symptoms and a CHS diagnosis was 6.1 years (range 1-10 years) and patients visited the ED at average of 10 times before diagnosis was made. All patients found relief in hot showers and all were described as "uncooperative" with a CHS diagnosis. Upon being hospitalized, 100% of patients had complete resolution of all symptoms an average of 3.6 days after discontinuation of marijuana (range 2-5 days). Five of the 6 patients were monitored by substance dependency units, and 3 of them abstained from cannabinoids; one discontinued marijuana and then relapsed and had another episode of acute intractable vomiting; one patient reduced marijuana use from 3 to one cigarette per day and had no further symptoms. One patient was lost to follow-up [129] . In this case series, the investigators noted that this latter patient -who continued to use cannabis -had the greatest number of acute episodes of CHS [129] . Thus, severe symptoms may not be sufficient to compel an individual to discontinue marijuana or cannabis may have an adverse effect on the individual's ability to make sound decisions [129] .
A case series from 2010 in the United States described 4 individuals with a history of cannabinoid use who developed episodes of abdominal pain, nausea, and vomiting which could be relieved, in all cases, by bathing in hot water [102] . In all 4 cases, CHS was diagnosed, and patients were counseled to avoid cannabis in the future. Three out of 4 patients resumed marijuana use and presented at the hospital again. One of the patients, a 27-yearold man, said he understood the cause of his symptoms but was "unable" to stop smoking marijuana. Another patient in the series, a 31-year-old man, discontinued marijuana for a short time, then resumed and periodically visits the ED to manage symptoms [102] . The third patient (20-year-old man) stopped marijuana use for 2 months after CHS diagnosis, but resumed again, which resulted in another hospitalization [102] .
In a retrospective review of CHS patients admitted to a single urban ED in France, 7 patients were identified with a mean age of 24.7 years (range 17-39 years); most were men. Five of these 7 patients found relief in hot showers. In this study, patients were offered a referral to an addiction team. Five patients agreed to work with the addiction team and discontinued the use of marijuana, but 2 patients refused and resisted the notion that they should give up marijuana [130] . Patients were not followed long term.
A retrospective case series from the UK reported on 10 cases of CHS which had originally been diagnosed with alternative conditions (4 with CVS, and one each with PV, Ehlers-Danlos syndrome, multiple sclerosis, viral gastroenteritis, functional dyspepsia, and bulimia nervous) [120] . There were 5 men and 5 women included, mean age 27 years (range 19-51 years) with symptoms of abdominal pain, nausea, and hyperemesis refractory to medical therapy. The mean delay to the accurate diagnosis of CHS was 15.2 ± 10.5 months with a median of 4 ED admissions (range 0 to 14). All patients had a history of long-term use of cannabis (mean length 42 months, range 15-81.8 months), and 80% found relief in taking hot showers. Patients were followed for a median of 9.5 months (range 1-20 months). In this group, 9 patients smoked marijuana for recreation, while the other patient had been prescribed synthetic cannabinoids (nabilone 2 mg twice a day) to treat multiple sclerosis. The approximate consumption of THC per day was a mean of 70.3 ± 40.8 mg. Seventy percent of patients reported symptoms typically began in the morning [120] .
A systematic review of 29 cases of CHS in France was reported by Schreck et al. [131] in 2018. As with similar series, they found the patients were typically young (25.8 years) males (65.5%) who had used cannabinoids daily for several years, found relief in hot showers, and for whom antiemetic therapy was ineffective. In this case series, 17.2% of patients suffered from chronic anxiety. It is not clear if there is a comorbid association between CHS and anxiety or whether the symptoms of CHS are so distressing that patients become anxious.
A case series from the US (n = 8) from a single center in 2009 reported patients were an average of 3.24 ± 4.1 years old, 5/8 were men, and there was a mean interval of 19.0 ± 3.7 years between the onset of cannabis use and symptoms [61] . In this study, 62.5% were Caucasian, 25% African-American, and 12.5% Middle Eastern. Patients had a mean of 7.1 ± 4.3 ED visits and 3.1 ± 1.9 hospitalization for this condition. All patients in this series compulsively took hot showers to control symptoms. Of the 8 patients, 5 discontinued cannabis use upon diagnosis and 3 did not. Four of the 5 who discontinued cannabis saw complete resolution of symptoms although in one case, symptoms returned when the patient resumed use of cannabis [61] .
Case Reports
The literature contains a wealth of case studies and case reports on patients suffering from CHS; these case reports come from around the world but have striking similarities. A summary of these studies appears in Table  2 [6, 7, 10, 19, 22, 54, 94, 97, 99, 101, 105, 111, 113, 114, 116, 117, 121, 126, 127, .
A few important details emerged from the case studies. CHS tends to affect younger people; the patients reported in Table 2 ranged in age from 15 to 47 years. It has been suggested that this is due to the fact that cannabinoid use is about double in younger people compared to older individuals [135] . The authors found no cases of geriatric CHS (≥65 years), but there is no reason evident why geriatric individuals who used marijuana long term would be immune from CHS. Most individuals diagnosed with CHS have long-term marijuana use that precedes symptoms, but the cases series by Simonetto et al. [75] reported that 32% of patients diagnosed with CHS develop it in their first year of marijuana use and 44% develop it in the first 5 years. It is not known why the syndrome develops in some, but not all, long-term marijuana users and why symptoms take longer to manifest in some patients than others. Although there were very few case studies involving CHS patients with eating disorders, bulimia might present in such a way that it could be confused with CHS. About 35% of individuals with some form of substance use disorder have an eating disorder (which typically precedes the substance use disorder) versus 5% of the general population [174] .
Complications Secondary to CHS
Renal Dysfunction CHS has been associated with acute renal failure [1] . Hyperemesis can disturb the patient's electrolyte balance and cause severe dehydration. Oliguria can lead to increased serum creatinine levels and creatinine kinase [166] . A case study from Australia reported a 25-year-old man in renal failure because of dehydration as a result of CHS. He smoked at least 2 g of marijuana daily for the past 8 years, and hot showers provided relief from his CHS. Persistent vomiting and hot showers caused severe dehydration which was treated in the hospital, causing creatinine levels to drop from their initial values of 3.21 to 1.4 mg/dL the next day [137] . Other case reports describe patients in prerenal failure secondary to CHS [138, 175] .
Low Serum Phosphate Levels
Low serum phosphate levels (< 2.5 mg/dL) occur in about 5% of all hospitalized patients [176] . However, serum phosphate levels are not an accurate reflection of the body's phosphate reserves [177] . The main causes of hypophosphatemia are enteric malabsorption or loss, excessive excretion in urine, or redistribution within the body (phosphate moving out of circulation and into cells). Phosphate depletion over long term can be serious and even represent a medical emergency, associated with symptoms such as ataxia, rhabdomyolysis, and decreased myocardial contractility. On the other hand, hypophosphatemia associated with phosphate redistribution is often asymptomatic and resolves spontaneously [176, 178] . In a retrospective study at the Veterans Affairs Medical Center in San Diego, California, 6 men treated for CHS had hypophosphatemia (< 1-1.3 mg/dL). In 3 patients, serum phosphate levels returned to normal spontaneously within a matter of hours and 4/6 patients exhibited signs of hyperventilation, which has been associated with hypophosphatemia [178] . The hyperventilation in all cases was attributed to a mental health disorder, such as generalized anxiety disorder or posttraumatic stress disorder. After this study, charts were reviewed later in the year, and 5/6 patients had been back to the hospital for CHS, 4 of whom had serum phosphate levels < 2.5 mg/dL. It appears in this study that the patients suffered from respiratory alkalosis likely brought on by anxiety-driven hyperventilation. Since these patients reported using marijuana in part to help manage their anxiety, it may be that some CHS patients present with hypophosphatemia that is caused by phosphate redistribution and resolves spontaneously.
DOI: 10.1159/000494992 Skin Conditions A 42-year-old CHS patient treated for hyperemesis in the hospital presented with a reddish-brown pigmented rash on his trunk and extremities. The rash could be diagnosed as erythema ad igne or thermal keratosis. The patient reported that he got the rash from prolonged exposure to hot water in showers that he took to relieve the symptoms of his CHS [143] . Cutaneous problems arise typically from prolonged and excessive exposure to very hot water, heating pads, or hot water bottles.
Cardiac Conditions CB-1 receptors are present in the heart, which makes it possible that cannabinoids might affect myocardial performance [150] . Preclinical studies suggest that endocannabinoids and THC may evoke bradycardia, hypotension, and decreased contractility of the myocardial tissue [149] . The mechanism by which THC and cannabinoids might decrease myocardial contractility remains to be elucidated. A case report in the literature describes Takotsubo syndrome or stress cardiomyopathy in a patient with CHS [150] . However, this finding may be coincidental.
Discussion
As CHS becomes an increasingly familiar diagnosis to clinicians, particularly in those regions of the world with liberalized or prevalent marijuana use, there still remain some puzzling questions. The pathogenesis of CHS is being elucidated and likely involves a prominent role of TRPV1 receptors. But why is CHS an episodic condition with sometimes very long asymptomatic periods between attacks? [90] . It would seem that persistent use of marijuana should provoke persistent or at least protracted symptoms, but nearly all CHS patients report long asymptomatic breaks between relatively short symptomatic episodes while they continue to use marijuana. Another puzzling question is why CHS symptoms in many patients resolve completely in a very short period of timeeven hours -when marijuana use is discontinued. Further study is needed.
Better clinical education about CHS is needed. Nausea, vomiting, and abdominal pain are diffuse symptoms that may derive from any of several diverse etiologies. Since such symptoms could indicate a serious, even potentially life-threatening, condition before their diagnosis, pa- ADHD, attention deficit hyperactivity disorder; CHS, cannabinoid hyperemesis syndrome; d, day; d/c, discontinued, discontinuation; ED, emergency department; F, female; GERD, gastroesophageal reflux disorder; h, hour; HG, hyperemesis gravidarum; M, male; MDD, major depressive disorder; NR, not reported; PC, primary care; pt, patient; PTSD, posttraumatic stress disorder; Rx, prescribed/prescription; SUD, substance use disorder; wk, week; y, year(s); yo, years old. Studies are presented in alphabetical order by last name of first author of the report, and studies involving specifically synthetic cannabinoids appear at the end. As these case studies were conducted independently and did not always report the same data (for instance, some had no data on treatment or resolution or prior marijuana use), it was not possible to synthesize this information in any scientifically sound or clinically meaningful way. It is fair to glean from the chart some basic information, namely that no patient from a case study is >51 years old, the majority are men with a long history of marijuana use, many had previous encounters with the healthcare system before CHS was diagnosed, most found relief in hot showers, and, when reported, symptoms typically resolved in a short time when marijuana was discontinued.
Med Cannabis Cannabinoids 2018;1:73-95 DOI: 10.1159/000494992 tients with CHS are often subjected to computed tomography scans, magnetic resonance imaging procedures, exploratory procedures, endoscopy, colonoscopy, gastric emptying tests, and a battery of lab work. For CHS patients, these tests typically offer normal-range results, but they are expensive, time-consuming, and place a hardship on the patient as well as the healthcare system. Thus, prompt diagnosis of CHS can save valuable clinical time and resources.
CHS patients are often resistant to finding out that marijuana causes their symptoms. Many CHS patients are long-term marijuana users who object to marijuana discontinuation, even though it provokes symptoms severe enough to require hospitalization. This leads to an important question, especially in light of our gradual societal paradigm shift toward liberalizing marijuana. Is marijuana addictive? Certainly marijuana use disorder exists, but it is not clear if it is addictive in the same manner as opioids or alcohol. The refusal of many CHS patients to give up marijuana despite debilitating symptoms certainly suggests that marijuana may be far more addictive than previously believed and/or that prolonged marijuana use impairs an individual's ability to make sound decisions.
With many states legalizing the use of both medical and nonmedical marijuana and increasingly favorable public opinion emphasizing the benefits marijuana, it is reasonable to expect its use will become more frequent and widespread. The National Institute on Drug Abuse estimates that in 2013 there were about 19.8 million active marijuana users in the US (6.3% of total population), concentrated among younger people, and that 22.6% of Americans between the ages of 18 and 20 are marijuana users [179] . This in turn may lead to more and more cases of CHS.
Limitations
This is a literature review and it has inherent limitations. There is currently not a vast amount of medical literature about CHS, and most of the clinical reports are case reports of individuals or small case series, which do not provide high-quality medical evidence. The heterogeneity of the case reporting makes data synthesis impossible.
Conclusion
CHS is a distinct clinical condition that differs from CVS or other vomiting disorders in that it occurs in individuals with long-term marijuana use who experience episodes of nausea and intractable vomiting that can be relieved with hot showers or topical capsaicin. Many clinicians and the general public -including avid marijuana users -are unaware of the existence of CHS, and many patients undergo unnecessary tests, scans, and procedures to get at the root of their sometimes debilitating symptoms. CHS resolves quickly and completely with the cessation of marijuana. With the liberalization of marijuana laws and growing favorable public opinion about the benefits of marijuana, CHS is likely to become increasingly more common.
